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Applied Sciences Paradigm



Needed: Holistic Integration & Synthesis
via Models



30-Year Goal: Whole Planet System Simulators

MaMarsSun

Earth VegetationEarth El NinoEarth Surface

Earth OzoneEarth LandEarth Ocean

• System of Systems

• Standards and 
interoperability

• Spiral, evolutionary 
development

• Go as you can pay

• Global access to 
research results

• Incremental functionality 
for holistic simulator

• Innovative space 
systems for Earth-Sun 
science to serve society

• Network innovative 
space systems & 
associated modeling 
systems (e.g., 
sensorweb & modelweb) 
to advance Earth-Sun 
system science

• Systems to assimilate 
observations into 
models

• Systems that utilize 
observation & model 
results to identify 
unexpected phenomena 
& adapt observing & 
modeling strategies in 
near real-time



RESOLUTION OF THE THIRD EARTH OBSERVATION 
SUMMIT

(As adopted 16 February 2005)
We, the participants in the Third Earth Observation Summit 
held in Brussels, Belgium, on February 16, 2005:
Recalling the Declaration of the first Earth Observation 
Summit, held in Washington, D.C., on July 31, 2003, and 
the Framework Document adopted at the Second Earth 
Observation Summit, held in Tokyo, on April 25, 2004;
Building on the commitment made at those Summits to 
move toward a comprehensive, coordinated, and sustained 
Earth observation system of systems, taking into account 
the particular needs of developing countries;
Remaining cognizant of the fact that observing and 
understanding the Earth system more completely and 
comprehensively will expand worldwide capacity and 
means to achieve sustainable development as envisioned 
in our commitments in the Johannesburg Plan of 
Implementation adopted at the 2002 World Summit on 
Sustainable Development, and will yield advances in many 
specific societal benefit areas, including disaster reduction, 
health, energy, weather, climate, water, ecosystems, 
biodiversity, agriculture and combating desertification; 
Acknowledging the achievements of the established 
national, regional, and international observing systems, 
including those sponsored and cosponsored by a number 
of UN Specialised Agencies and Programmes; 

GEOSS 
in the 
News



Ecological Models?



Nemani et al.  2003.  Science 300:1560–1563.

Tucker et al. 1985. Science 227: 369-375.

Taking the Next Step in NASA Ecology



Ecological Modeling & NASA:
One Way Forward for Near-Term

• Landscape Scale to Global--Our Bread & Butter
• Challenge for all 3 Programs: Relate Landscape 

Scale to Organism
• How? Clue: Every animal and plant in this ecosystem 

has an appointed place defined both by its level in the 
pyramid and by its niche. Paul Colinvaux, 1980 Why Big Fierce Animals Are Rar e

– #1  Outside In/Inside Out to Define the Niche
(The Landscape)

– #2  Follow the Energy via Trophic Webs
(The Organism)

BOTTOM LINE: Models are the key for both!



Global to Landscape Scales:
Our Bread & Butter



Biodiversity

Nemani et al.  2003.  Science 300:1560–1563.

Productivity

ClimateHabitat Structure

Outside In: Niche Definition + Statistics



Ecological Forecasting of Unknown Sister Species
Bringing Together Satellite, Field, & Museum Data

Modeled Distribution for Brookesia stumpffi

Brookesia stumpffi

Brookesia sp. nov.

MODIS Land
Cover at 1km

NOAA
Precipitation
at 5 minutes
resolution

• Using Satellite imagery, other environmental layers , & collections data from the field & 
museums to run the GARP model ����successfully predicted the distributions of 11 cham eleon 
species in Madagascar
• Accuracies of 75 to 85%
• Areas of over-prediction from the model & subsequen t field surveys ���� discovery of 7 new 
species
• These new species are local endemics, i.e.: found o nly within a limited area

Source: AMNH/Chris Raxworthy

Examples of Environmental Data Us

Over-Prediction
Area



Inside Out: Physiology/Energetics
to Niche

Rn - H - lE +  M = 0 (Farmer and Wiens, 1998)

Energy Budget = f ( Feeding, Resting, Migratory Flight)

(figures courtesy of GSFC/Jim Smith)



http://www.chadevans.co.uk/asite/Alevel/u03/ln/energyflow2_files/image005.gif

Little Rock Lake in Wisconsin; produced by Neo D. Martinez of San Francisco State University, 

Romberg Tiburon Center for Environmental Studies

Trophic Models To 
Understand 
Relationships
Among Organisms



Where To?

Helicobacterium pylorii Genome from:
http://biocrs.biomed.brown.edu/Books/Chapters/Ch%2038/Pylori-Genome.gif

(from USGS Global Visualization Viewer)

A Grand Synthesis for the 21 st Century



Data

DECISION SUPPORT TOOLS

VALUE & BENEFITS

EARTH SYSTEM MODELS

Predictions

*Future Mission

60

SERVIR (Spanish acronym for 
Regional Visualization & 
Monitoring System)

• Monitor changes in land 
cover, weather, & fires to 
assist the sustainable 
management of the 
Mesoamerican Biological 
Corridor  

Impact of ENSO & PDO 
Events on Fisheries

• Combine physical ocean 
models & ecosystem 
trophic-level models to 
predict impacts of 
climatological changes 
on regional fisheries

Protected Area Management 
(with VISTA & TOPS)

• Coordinate multi-NGO 
effort to pool resources 
for monitoring protected 
areas per CBD 2010 goal

• Link to President’s illegal 
logging initiative & CBFP

Observations

Ecological Forecasting:
Integrated System Solutions

Predictions

• Management of a 
global hotspot of 
biodiversity, i.e. 
Mesoamerica, at a 
regional scale through 
the coordination of the 
activities of 7 countries 
- a model for other 
regions.

• Predict the impacts of 
changing land use 
patterns & climate on 
the ecosystem 
services that support 
all human enterprises.

• Develop ecological 
forecasts with reliable 
assessments of error.

• Ecological Niche (GARP)
• Scalable spatio-temporal models a la 

NREL
• Regional Ocean Models & Empirical 

Atmospheric Models coupled with 
ecosystem trophic models

• Ecosystem (ED, CASA)
• Population & Habitat Viability 

Assessment (VORTEX, RAMAS GIS)
• Biogeography (MAPSS, BIOME3, DOLY)
• Biogeochemistry (BIOME-BGC, 

CENTURY, TEM)

• Land cover : MODIS, AVHRR, Landsat, 
ASTER, ALI, Hyperion, IKONOS/QuickBird

• Topography/Vegetation Structure : SRTM, 
ASTER, IKONOS, LVIS, SLICER, Radars

• Primary Productivity/Phenology : AVHRR, 
SeaWiFS, MODIS, Landsat, ASTER, ALI, 
Hyperion, IKONOS, QuickBird, AVIRIS

• Atmosphere/Climate : AIRS/AMSU/HSB, 
TRMM (PR, LIS, TMI), AVHRR, MODIS, 
MISR, CERES, QuikScat

• Ocean: AVHRR, SeaWiFS, MODIS, 
TOPEX/Poseidon, JASON, AQUARIUS

• Soils : AMSR-E, AIRSAR

• Species Distributions
• Ecosystem Fluxes 
• Ecosystem Productivity 
• Population Ecology 
• Land Cover Change

• Land Cover/Land Use & 
Disturbances (e.g., fire) 

• Species Composition
• Biomass/Productivity
• Phenology
• Vegetation Structure
• Elevation
• Surface Temperature
• SST, SSH, Circulation, & 

Salinity
• Atmospheric Temp.
• Soil Moisture
• Precipitation
• Winds

EARTH OBSERVATORIES

January 25, 2005

(example models)
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Species Distribution 
Forecasting System >  
biodiversity/stability/ 
productivity links

Species distribution models 
with improved accuracy

Prototype Marine Fisheries Forecasting System DSS f or 
fisheries management; also Protected Areas Manageme nt 
System DSS incorporating species habitat & demograp hic 
data into a planning tool

Aqua NPP/VIIRS LDCM NPOESSLandsat 7 Terra

EOS & global land cover 
observations; early 
coupling of regional climate 
& ecosystem models 

Assessment of land cover change/climate 
impacts on ecosystems

Prototype predictive models linking 
remotely-sensed environmental 
parameters to changes in terrestrial 
& aquatic ecosystems

Initial operation of Regional Monitoring & Visualiz ation System 
DSS (SERVIR) for environmental management & sustain able 
development in Central America   

Operational SERVIR, Protected Areas 
Management System, & Marine 
Fisheries Forecasting System DSS’s 

Soil surface moisture, sea 
surface salinity, global 
river discharge 
measurements

Integration of remotely-sensed data with various mo del types, e.g.: ecosystem, 
ecological niche, population & habitat viability, b iogeography, biogeochemistry, & 
regional ocean & atmospheric models -- as well as th e development of new predictive 
models

“If-Then” Scenarios for 
Ecosystem Responses to 
Change/Disturbance

2003 20132005 2009 2011

Steady improvement in models linking functional, 
structural, spatial, & temporal environmental 
measurements (ongoing measurements include: 
land cover, ocean color, primary productivity)

Vegetation structure & 
disturbance from active 
sensors; new data on 
physiology & functional groups 
(hyperspectral/fluorescence)

Current tra
jectory
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Ecological Forecasting Roadmap

GPM HYDROSAquarius

Regional ocean models 
coupled to ecosystem 
models; global land cover 
change product

TRMM SRTM

Ongoing global 
land cover change 
product; global 
precipitation data 



=

There is really nothing else so odd about life as its variety.
Paul Colinvaux, 1980 Why Big Fierce Animals Are Rare

Two Schools of Engineering: 
Satellite System & Ecosystem



BIOGEOCHEMISTRY

BIODIVERSITY
“Terra Incognita”

In understanding lies the road to prediction
(e.g.: if we want to understand the biogeochemical cycling of carbon &/or other 

elemental cycling, we need to know other half of ecosystem equation)

Grand Challenge: Understanding this 
Variety



Goals for Workshop
• Focus: Ecological Models for Management (via research)

– Subtext: Predictive Modeling of invasive species, public health 
issues, & biodiversity from biological & physical environmental 
data

• Bring Together NASA Ecological Modeling Community 
– Awareness � New Teams & Approaches

• Find Model Approaches Common to 3 Programs
– Ingest NASA RS/Earth Observation Data
– Useful for Decision Support
– Bridging Spatial (& Temporal) Scales
– Goal: Scenarios of responses to changing climate, land cover, 

management actions, policies, etc.
• Future Needs/Issues/Threats (data, models, research & 

DSS themes, systems of systems)
• If you had a million $$…? 
• Next Steps: building on what we heard here



Presenters Please
• What system are you modeling?
• What are your model assumptions?
• What are (at least some of) your model uncertainties?
• What data you are using to run & validate the model?
• Why did you chose these data sets?  Are other data 

relevant?
• How effective (i.e., how much can it tell us about the 

system under investigation & with what certainty?) is 
your model?

• Are we there yet with regard to this model or are there 
improvements to be made?  If so, what are they?

While these may be implicit, please don’t simply assume 
we’ll know them!  (Remember there are NASA HQ 
program managers in the room; so keep it simple.)



Workshop Products

• Report
• Other Publications
• Working Groups for Applied Programs

– e.g.: Biodiversity & Ecological Forecasting 
Team

• New Directions
• Ideas?



Themes Day 1

• Challenge of linking with decision support 
systems

• Problem of the pixel � must generate & 
test null hypotheses

• Importance of addressing uncertainties
• Power of recurrent observations for 

identifying anomalies; gets to issue of 
continuity



Themes Day 1 #2

• When does higher resolution of data lead to 
higher accuracy of model? (Rama & Ed 
Wiley/David Stockwell) � research opportunity?

• Ecosystem productivity (energy) forecasts 
species richness (tends to peak at intermediate 
levels) &, in conjunction with land use data, can 
demonstrate where hotspots are threatened to 
influence planners’ decisions = decision support

• General principles are area specific need to craft 
management to local/regional conditions, e.g.: 
mesic vs. harsh & low vs. high land use intensity



Themes Day 1 #3

• Long-term data sets allow for the detection of 
natural cycles

• Tools for individual-based structural models of 
virtual plants can be coupled in GIS to create 
virtual fields showing interactions at scales 
meaningful to RS

• GARP a powerful tool for hindcasting invasions
• Can NASA catalyze the merging of process & 

correlative niche modeling approaches
• Need better formats (HDF “no”), subsetting 

options, & coordinate-based tools for accessing 
NASA data



Themes Day 1 #4

• Need for model parsimony = identifying a limited 
number of data inputs that maximize accuracy

• Use model consensus to build robustness
• Look for high impact observations or model 

outputs, using RS & in situ data, that could 
revolutionize a field of inquiry

• Modeled energy balances can define climate 
space for organisms & seasonal climate 
variation can drive models to simulate migration 
or other movement on the landscape



Themes Day 1 #5

• Can model biodiversity outcomes for 
different “if-then” scenarios

• Important to capture patterns of 
biodiversity (aka beta & gamma diversity) 
along with species richness; can 
aggregate data from multiple species to 
analyze patterns of biodiversity distribution 
(e.g., generalized dissimilarity modeling)



Themes Day 1 #6

• Collect RS data & biological data at common 
sites (e.g., approach NSF about collaboration at 
LTERs or via NEON � joint solicitations)

• Opportunities for s/w development activities via 
ROSES; also time on Columbia

• Important to get “supply side” researchers 
together to discuss inputs to applications

• Promote access to international data sets
• Higher-resolution thermal imagery critical
• Need lidar data (of forests especially) to capture 

3rd dimension



Common Approaches

• NPP
• GARP/WhyWhere
• Pattern “Models” (e.g., GDM)
• Physiological/Energetics Modeling
• Agent-based Models Organisms as 

fluids?


